Citation: Owolabi I.O., Saibandith B., Wichienchot S., Yupanqui C.T. Nutritional compositions, polyphenolic profiles and antioxidant properties of pigmented rice varieties and adlay seeds enhanced by soaking and germination conditions. Functional Foods in Health and Disease 2018; 8(12): 561-578. https://doi.org/10.31989/ffhd.v8i12.564 ABSTRACT Background: Pigmented rice varieties are gaining interest due to their superior nutritional and phenolic properties compared to white rice varieties. With the rising risk of diabetes, cereals with higher protein contents should be consumed with rice. Adlay is one of the underutilized crops with higher protein contents and other functional properties. The germination process is one of the easy and innovative techniques for improving functional properties in seeds. In this study, two pigmented rice varieties and adlay seeds were soaked (24 h) and germinated for 12, 24, 36, and 48 h. The physicochemical properties, polyphenolic profiles, and the antioxidant activities of these samples were evaluated.
INTRODUCTION
Germination is a cheap, easy, innovative, and effective method of enhancing the nutritive composition in cereals rice compared to other techniques of improving quality of cereals [1] .
Before the germination process is carried out, grains are soaked in water for a few days, softening the kernel and stimulating germination. Germination enhances some changes biochemically, triggering some inactive enzymes responsible for the breakdown of large molecular substances. This leads to the synthesis of some bioactive compounds and increasing the bioavailability of nutrients and absorption [2] . In Asian countries, the germination of rice is becoming more popular to the various nutritional advantages. Germinated grains, especially rice, are known to be good sources of some compounds beneficial to human health. These include vitamin B, E, β-carotene, γ-oryzanol, anthocyanin, and Gamma-aminobutyric acid (GABA).
Rice (Oryza sativa L.) is predominantly consumed across Asian countries among other cereals. Rice accounts for 50% of the total cereal production worldwide [3] . Pigmented rice varieties with purple (which is also known as black rice, forbidden rice, king's rice, etc.), red, or brown pericarp are popular for their surpassing nutritive contents and higher antioxidant properties than the white cultivars [4, 5] . These cultivars have higher amounts of anthocyanins, phenolic compounds, and other bioactive compounds [6, 7] . The people who consume pigmented rice varieties are at low risk for diabetes, heart diseases, cancer, etc. [8] . Similarly, the intake of germinated colored rice varieties is capable of controlling postprandial glucose contents in the blood while balancing the secretion of insulin in subjects with high blood glucose contents [9] . Other cereals improved by the process of germination is adlay (Coix lachryma-jobi L.), which is also known as Chinese pearl barley or Job's tears. Adlay is distributed throughout China, Japan, and Thailand. This cereal is a food and a useful ingredient in medicine [10] . In addition to having many of the same bioactive components present in rice, adlay also contains coixol, coixenolide, and bioactive peptides [11] . Adlay has been investigated for it physiological and pharmacological activities, including anti-inflammation, anti-cancer, and anti-analgesic activities [12] . Some modern studies have reported that adlay seeds have several health benefits which include the potential to prevent tumor formation [13] , the ability to reduce inflammation [14] , and supporting immune system regulation [15] . Adlay is also widely recognized as a food supplement which can help decrease serum cholesterol and triglycerides, in addition to reducing liver lipids by increasing lipid excretion [16] .
The rise in the consumption of ready-to-eat rice porridge in Asian countries including Thailand poses a great concern with respect to the consequential effects on the postprandial blood glucose contents in subjects concerned. Alternatively germinated pigmented rice varieties can be prepared together with adlay (also known as rice-job's tears "congee") as breakfast. The increased bioactive components from these grains with higher protein and fat contents from Adlay may help in reducing the incidence of some metabolic disorders.
Purple rice (Khao neaw dam), red rice (Cho khing), and adlay (Look-Dei) are less known and consumed, especially adlay. Adlay is an underutilized crop in Thailand and Asia. Detailed information on their chemical, antioxidants properties, phenolic composition, and profile are limited. Therefore, the aim of this study was to enhance the polyphenolic contents and antioxidant properties of these pigmented rice and adlay under soaking and different germination conditions.
MATERIALS AND METHODS

Sample preparation, soaking and germination
Rough rice samples (Khao neaw dam and Cho khing) and adlay (Look-Dei) ( Figure 1 ) were obtained from Southern Thailand (Songkhla Province). The grains were soaked in 2.5% sodium hypochlorite solution (1:5 w/v) at 1-5% concentration for 5 min and drained. The purpose is to destroy or remove surface fungi and bacteria without killing internal organs. This was followed by washing the disinfected seed with distilled water in order to remove excess sodium hypochlorite.
The grains were soaked in distilled water (seed: water ratio, 1.5 w/v) at ambient temperature (30 ± 5ºC) for 24 h with the water changed every 8 h so that mold growth does not take over. After 24 h, the grains were collected for further process. For the germination process, the soaked seeds were placed in germination trays covered with moist cheese cloth and allowed to germinate for 12, 24, 36, and 48 h at 37ºC. Relative humidity was around 66% in a closed system. At the end of the germination period, the seeds were oven dried at 80ºC for 5 h, followed by de-husking. The de-husked seeds were grounded into a fine powder by 40-mesh sieve and stored at -20ºC for further analysis.
Chemical compositions
The moisture, protein, fat, carbohydrate, ash, and fiber contents of both germinated and ungerminated samples were analyzed following the method of Association of Official Analytical Chemists (AOAC) [17] . After determination of nitrogen content using micro-Kjeldahl apparatus, protein contents were calculated as N x 5.95 for rice and N x 5.7 for Job's tears.
The crude fat was determined using Soxhlet apparatus. The ash content was determined by incinerating the sample in a furnace set at 600° C. Finally, the carbohydrate contents were determined using the following formula:
100% -protein content -moisture content -ash content -crude fat content.
Extraction of phenolic compounds
Phenolic compounds in both germinated and un-germinated samples were extracted with 80% methanol by centrifugation (Hatachi CR22GⅢ) at 10,000 x g for 20 min. The extraction was carried out three times with the supernatants pooled and evaporated to ~10 mL at 35ºC under reduced pressure to remove the solvent. The evaporated samples were lyophilized to dryness and stored at -20°C for further analysis.
Phytochemical screening
Freeze dried powder of germinated and un-germinated samples were tested for the presence of numerous phytochemical constituents following the methods described by Sofowora [18] and Harborne [19] . All analyses were performed in triplicate.
Total extractable phenolic content (TPC)
The total extractable phenolic contents of the extracts were measured using a Folin-Ciocalteu method from Singleton and Rossi [20] . 20μL of the extract was added to 96-well micro-plate.
Next, 100μL of Folin-Ciocalteu reagent (10% v/v) and 80μL of Na2CO3 (7.5% w/v) were added and mixed thoroughly. After incubation for 30 min in the dark at ambient temperature, the absorbance was measured at 765 nm using the micro-plate reader. The total phenolic content was expressed as mg Gallic Acid Equivalent (GAE)/g DM.
Total extractable flavonoid content (TFC)
For the assay of TFC, 15µL of extract was mixed with 125µL DI water and 10µL of 5% sodium nitrite. This mixture was incubated at room temperature for 6 min, after which 10µL of 10% aluminum chloride was added and incubated for 5 min. Finally, 50µL of 1M NaOH was added, followed by incubation at room temperature for 15 min. The absorbance of the well-mixed mixture was measured at 510 nm. TFC was calibrated with a standard curve of Catechin and expressed as Catechin Equivalent (mg CE/g DM).
Antioxidant activities DPPH radical scavenging activity 2,2-diphenyl-1-picryl hydrazyl (DPPH) radical scavenging activity was determined using the modified method of Brand-Williams et al. [21] 150μL of the extract was added with 150μL of 0.2 mM DPPH in 95% ethanol. The mixture was incubated in the dark for 30 min and the absorbance was determined at 517 nm using the micro-plate reader. The activity was reported as mg Trolox equivalent (TE/g DM).
ABTS radical scavenging activity 2,2-azino-bis-3-ethylbenzthiazoline-6-sulphonic acid (ABTS) assay was determined following the method of Arnao et al. [22] . The stock solutions of 7.4 mM ABTS solution and 2.5 mM K2S2O8 solution were prepared. The ABTS radical solution was generated by mixing both stock solutions in equal quantities and allowing them to react for 12 h at room temperature in the dark. The radical solution was diluted to obtain an absorbance of 1.1±0.02 at 734 nm before performing the assay. 15μL of an extract was mixed with 285μL of ABTS radical solution and left at room temperature for 2 h in the dark. The absorbance was measured at 734 nm using the micro-plate reader. The activity was reported as Trolox equivalent (TE)/g DM.
Ferric reducing antioxidant power (FRAP)
The ferric reducing antioxidant power (FRAP) assay was performed according to the method of Benzie and Strain [23] . FRAP solution was freshly prepared from the mixture of 300 mM acetate buffer pH 3.6, 10 mM TPTZ (2, 4, 6-tripyridyl-s-triazine) solution in 40 mM HCl, and 20 mM FeCl3.6H2O solution at the ratio 10:1:1 (v/v/v), and then warmed at 37ºC for 30 min before use. 15μL of an extract was added with 285μL of FRAP solution and stand for 30 min in the dark. The absorbance was read at 593 nm using micro-plate reader. The activity was reported as mg Trolox equivalent (TE/g DM).
Quantification of phenolic profiles un-germinated, soaked and germinated sample extracts
Phenolic compounds in the germinated and un-germinated extracts were estimated by reversedphase HPLC. All samples were filtered through a 0.22µm pore size syringe-driven filter before injection. A 20µL aliquot of a sample solution was separated using Agilent HPLC technology system equipped with a diode array detector on an Agilent Eclipse XDB-C18, 5µm diameter, 
Statistical analysis
All data from the results of this study were statistically analyzed by one-way ANOVA using a completely randomized design. The mean values were analyzed by Turkey test for a multicomparison of means and correlation analysis using Pearson correlation. Statistical analyses were carried out using the SPSS statistical software (SPSS, Inc., Chicago. IL).
RESULTS AND DISCUSSION
Water hydration characteristics of PR, RR, and adlay seeds
The hydration characteristics of the cereals evaluated are shown in Figure 1 . Water absorption in the PR increased rapidly during the 24 h soaking up to four times and almost remained stable during the germination period. For the RR, the rate of water hydration increases about three times, drops after 24 h soaking, and becomes stable until 48 h germination where it increases slightly. The least moisture contents were observed in adlay seeds where the water absorption increases throughout the soaking and germination periods. The moisture content in the seeds are correlated with the percentage of germination and quality. The difference in the moisture contents in the seeds could be due to differences in seeds and varieties [24] .
Changes in proximate composition during soaking and germination conditions
The proximate compositions of the two pigmented rice varieties and adlay are presented in Table 1 . Germination process starts with the imbibition of water in the seeds. The moisture content increased across the samples. During the soaking germination periods, purple rice (PR)
showed the highest moisture content at 48 h germination (44.64 g/100g). PR is known as waxy rice with a soft kernel which may allow more rapid imbibition of water during soaking and germination. The values for the protein contents were similar for PR, while the values increased during germination in red rice (RR) and adlay with ranges between 3.52 -10.46 g/100g and 9.90 -17.37 g/100g in RR and adlay respectively. The process of germination enables the activation of several enzymes that can synthesize some proteins via a series of chemical and biological reactions. Similarly, some proteins get hydrolyzed by protease enzymes. In other words, there is a process of dynamic regulation which influences the protein contents during germination [25] .
The PR and adlay gave the highest protein contents at 48 h (11.39 and 17.37 g/100g) which could be an interesting source of protein in food products. The fat content increased significantly in adlay during germination (4.34 -6.63 g/100g) but decreases at first and increases later up to 48 h in PR (3.02 g/100g). Meanwhile, the fat contents in RR were similar through all the germination periods. The fat components in rice seed are located around the aleurone layer of the rice bran. During the milling process, some portions of the fat could be lost as the bran is removed. Additionally, according to Hettiarachchy et al. [26] the fat components of the rice grain may contain some triacylglycerol that could be used up as a source of energy for the embryo during germination.
However, the fat contents of the purple rice variety were similar to the studies of Juliano [27] who reported fat contents of black rice (2.8 -3.7%). For adlay, the protein and fat contents were higher than the values in the study carried out by Chaisiricharoenkul et al. [28] , who reported that protein contents in whole grain adlay range between 13.54 to 16.85% and between 4.86 to 5.35% for lipid. The crude fiber in the seeds also increased progressively. The presence of the bran layer in the rice varieties and the outer coat in adlay seeds contributes to the fiber contents [29] .
In all three samples, the carbohydrate contents were reduced during the germination periods, which may be a result of degradation in order to provide energy for the growth of the embryo. The high energy values obtained in adlay seeds were influenced by higher crude protein and fat contents. The values obtained are within the values obtained by Sompong et al [30] and Oko et al [31] . The ash contents were also similar during soaking and germination period. These results demonstrate that the mineral contents in the seeds were intact and did not leach significantly during these periods.
Changes in the phenolic contents during soaking and germination conditions
The total phenolic and total flavonoid contents (TPC and TFC) of both germinated and ungerminated samples are illustrated in Figure 2 (A & B) . In PR, TFC was observed to slightly decrease during germination compared to the control (P< 0.05). A similar trend was also observed in RR except for the higher TPC (7.93 germination periods compared with the control (4.17 mg CE g -1 )
. Secondary metabolites such as phenolic acids, flavonoids, condensed tannins, and others are crucial substances produced during germination. These substances are mainly synthesized via the shikimate pathway and also the phenylpropanoid biosynthesis pathway [25] . During the soaking and germination process, L-phenylpropanoid is converted to cinnamic acid by phenylalamine ammonialyase (PAL). This leads to the synthesis of some phenolic acids including ferulic acid, caffeic acid, and p-coumaric. These phenolic compounds can also be transformed into flavonoids and lignins with some other compounds [25] . Additionally, some processing conditions such as the frequent washing of rice varieties and soaking may cause some soluble phenols being leaching out [32] . These could relate to the decrease in TPC in some of the soaked and germinated samples in PR and RR, and consequently increase in TFC as reported in this study. A similar observation was reported by Bulatao and Romero [33] , who recorded a significant reduction (from 21 to 28%) in the TPC of black rice after germination. Nonetheless, the values for TPC recorded in both PR and RR were far higher than those reported for black rice, black sticky rice, and red rice from Thailand (0.15 to 0.21 mg GAE g -1 ) [34] . The TPC values recorded in this study are also similar to those recorded by Xu et al. [35] , where they observed TPC in germinated rough Adlay seeds from 1171.0 to 1850.4 µg GAE g -1 ). Several studies observed changes in the phenolic contents and profiles during germination but virtually none during soaking period. Therefore, this study revealed that changes in the seed composition and phenolic contents composition do not only take place during germination but also during soaking condition. The results of this study support the results of the report of Vichapong et al. [36] , who revealed high values for phenolic compounds in pigmented rice varieties. The phenolic concentrations reported in this study in both rice varieties were higher than those reported by Sompong et al. [30] where they recorded ranges between 7.4 to 10.5 mg g -1 for black rice varieties and 1.4 to 3.4 mg g -1 for red rice. In contrast to this study, ferullic acid and proto-catechuic acid were the predominant compounds detected in red rice. This variation in the phenolic composition could be due to different the rice varieties, germination locations, conditions, and time. The phenolic profile observed in adlay in this study is similar to the report of Xu et al. [35] , where they also identified caffeic acid vanillic acid, P-coumaric, and ferullic acid in germinated adlay seeds.
The antioxidant activity of un-germinated, soaked and germinated extracts
The antioxidant capacity is closely interrelated to the phenolic contents of the evaluated samples [37] . The antioxidant capacity is closely interrelated to the phenolic contents of the evaluated samples. Antioxidants are compounds with the potential of preventing lipid peroxidation that may trigger cancer and heart disease [29] . The results from the antioxidant activity of the samples from this study determined by DPPH, ABTS, and FRAP assays are shown in Figure 2 . Soaking and germination conditions led to an increase in the antioxidant activities in all the samples (P<0.05) except for RR, where only the soaking condition increase the antioxidant capacity in ABTS assay. In this study, PR contained phenolic compounds at maximum concentrations with ranges between 29.77±0.03 to 48.04±0.06 in DPPH, 16.18±0.11 to 29.09±0.08 in ABTS and 22.13±0.11 to 47.97±0.04 in FRAP assays, which may highly contribute to the strongest antioxidant activity of the rice variety. Adlay seeds recorded the least antioxidant capacities in all the assays. Other studies have also revealed that germination positively affected the antioxidant properties of rice varieties and pigmented rice samples proved to have better antioxidant capacities than the white samples [33] . Sompong et al. [30] also reported that pigmented Thai rice varieties generally had better ferric reducing properties than other Chinese and Sri Lankan varieties evaluated. In their study, the black rice samples showed higher FRAP values with a mean of 5.6 mmol FE (II)/100g. However, in the study on Adlay seeds by Xu et al. [35] , total ABTS and FRAP values reduced during the first 24 h and increases until 60 h. These results are similar to the results obtained from this study, except for the reduction within the first 24 h which could be as a result of the difference in germination conditions and varieties.
Identification of phenolic profiles un-germinated, soaked and germinated extracts
The phenolic compounds detected in this study are presented in Table 3 and the phenolic standards and profiles in Figure 3 . There were 9 compounds detected in PR, 6 in RR, and 6 in adlay. Gallic acid, proto-catechuic acid, catechin, caffeic acid, P-coumaric and ferullic acid were all detected in both PR and RR. Proto-catechuic acid, catechin, caffeic acid were the dominant compounds in PR and catechin in RR. Similar to the purple rice variety, caffeic acid, vanillin, P-coumaric and ferullic acid, rutin trihydrate and trans-cinnamic were also identified in adlay with rutin trihydrate at highest concentrations among the compounds. Germination resulted in the synthesis of gallic acid in both rice varieties. Additionally, caffeic acid and catechin were synthesized during germination in the RR. Similarly, germination led to the production of vanillin in adlay seeds. During soaking and germination process, the activities of some amylolytic and proteolytic enzymes results into softening the structure of the kernel, thereby aiding the release of phenolic compounds. However, the oxidation of some phenolic substrates could also cause a reduction in some phenolic compounds as phenoloxidase and peroxidase enzymes resume activities [38] . This may explain the increase and decrease in some of the compounds during soaking and germination conditions.
Correlation between phenolics and antioxidant activity
The antioxidant activities were positively correlated with the total phenolic and flavonoid compounds before germination, during soaking and germination periods (Table 4 ). In PR, only the total flavonoid contents were correlated with the antioxidant activities (P<0.01). In contrast, the TPC in the red variety were correlated with TPC and activities from ABTS assay (P<0.01), while the TFC correlated with antioxidants activities from DPPH and FRAP (P<0.05) and ABTS (P<0.01). However, in adlay seeds, the TFC and TPC were all correlated with the activities from all assays (P<0.01). A strong correlation was found between TFC and ABTS assay in the red rice (P<0.01, r= 0.978) and adlay seeds (P<0.01, r= 0.97). In other studies about rice varieties, red rice was recorded to have the greatest ABTS scavenging capacity [30] . According to Awika et al. [39] , ABTS assay is proven to be a flexible method of estimating free radical scavenging activities. Additionally, the assay can also evaluate the antioxidant activities in hydrophilic as well as lipophilic compounds. High correlations between ORAC, ABTS, FRAP, and the phenolic contents (r =0.9979, 0.9765, and 0.9607 respectively) and total flavonoid contents (r =0.9798, 0.9868 and 0.9745, respectively) were extensively reported in adlay seeds [35] . 
CONCLUSION
Prevention of occurrences of some prevalent diseases is more effective than curing. Therefore, consumption of functional foods high in polyphenols and antioxidants could be helpful in human health. From this study, soaking especially and some germination conditions led to an increase in the nutritional values, polyphenolic and antioxidant properties in evaluated samples. Adlay though contains polyphenolic contents at lower concentrations compared with the pigmented rice varieties, the higher protein and fat contents it contains could be exceptional functional foods when combined with the rice varieties. Interestingly, the PR is an excellent source of polyphenols and flavonoids improved by soaking and germination conditions. Various food products derived from these cereals may not only help to prevent some various diseases in humans but also improve the market for these indigenous pigmented rice varieties and adlay. Development of bioactive compounds from them could as well be an exquisite source of functional food products and nutraceuticals.
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